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EXTENSION OF M3U FILE FORMAT TO SUPPORT USER
INTERFACE AND NAVIGATION TASKS IN A DIGITAL AUDIO PLAYER

BACKGROUND OF FHE INVENTICN
1. Field OF The Invention.

The present invention relates to 2n apparatus ang a method for precessing dipitally
encoded andio data, and in particular, toa merhiod, an apparatus, and a data structure related to
an audio data file playlist.

2. Treseription Of The: Related Art.

The use of portable audio data players capable of playing digitally encaded audio datz
has become commonplace. In particular, relatively small handbeld devices that can process
digitally encoded audio data stored on solid state metory devices have become pepular.
Additionally, as demand has incrzased tor higher data storage capacity in portable audio data
players, ancther generation of players that include miniawrized high capacity hard drives kas
been developed and is gaining popularity.

In an andie data player, the digital audio data is loaded into a data storage device Ly
first downloading the datz to a PC from an audic CL¥, the Internet, or ancther digital sudio
device. The data is then usually compressed according to a selected encoding format and
loaded into the data storage device associated with the audio data pleyer.

The audia data is decompressed/decoded by the andio datz player during playback
according to the selected ¢ncoding format. A variety of encoding formats for compressing
am decornpressing audio data is available. Asused hereinafter, the term encoding format
refers 10 any enceding/decoding schome that specifies the syntax snd scmantics of &
compressed bilsiream and how the bitstrean must be decompressed for reproduction. Such
encoding formats include, but are not limited to, MP3 and MP3 Pro.

For MP3 encoded avdio data files, the data file is prepended or appended with 2
special set of frames called an 103 tag. The ID3 tag contains deseriptive text and other data
relevant to the audio datz {ite. For example, the tag may include titls, artist, album, year,
comments, and genre. ED3 taginformation is useful for searching, sorting, and selecting
specific audio data files based an the information contained n the 103 tag. Because 103 tag
information is often stared as textual characters, the information can be displayed on the

display screen of an audio data player.
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Most PC-based andio data file management programs allow the uger to create and edit
playlists that van then be duvwnlosded w a porable sudio duta player and used for playing o
select sequence of audio data files. One such form of playlist typically associated with MP3
audio dara files is known as an M3U playlist. An M3U playlist consists simply of a text file
cnntaining a saequential list of paths or locations of data audio files included in the playlist
Thus, a playlist crcated on a PC and downloaded to an sudio data player may be vsed to
selectively play 2 sequence of audio data files that are contained in the data storage of the
sudio data player. However, the M3U file format includes only the file location or path
information and 4 commnent freld. Thus, the M3IU file format allows the player to playback a
predetermined sequence of audio data files, but does not contain other audio data file
information such as the information contained in an D3 tag of an MP3 audio data file.

PC-based audio data file managenient programs also allow the user to sort available
audic data files by their content, such as by ID3 fields for MP3 audio data files. PCs
generally have the processing power to quickly extract the content description information
from the audio data files and also have the necessary memory to store this information and
display it in a timely manner 10 the nser. However, such pracessing is generaliy not practical
in non-PC-based audio data players, particularly portable or hand-held players, which bave
limited processing power and memory. This limitation is especially acute in audio data
players baving high-capacity data storage that is able to store several hundred or thousand
sudio data tiles. Therefore, browsing available audio data files in various sequences
according to their ID3 information has not been available in non-PC-baged audio data players.

BRIEF SUMMARY OF THE INVENTION
The present invention addresses some of the above-nuted limitiioss of sudio dats
players, particularly handheld audio players, by providing a data struciure for audia playlist
records having both content information and indexing information. The methed of browsing
audio data file content informatinn utilizes the playlist’s content and indexing information.

“The resulting sudio data player having a microcontroller coupled with data storage and an

sudio for p i ded audio data fles and andio playlist files may then

quickly and conveniently allow & user to review, sclect, and modify audio {file playlists and
save those modified playlists on other systems, e.g., a user's PC.
In particular, the present invention provides a dala stmicturs that is an extension of the

M3U file format used to store audio playlists. The data structure according to the present
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invention uses an M3U comment field format to add audio conlent inforrnaticn descriptive of
the content of the audio data file, and indexing information indicating the rolative location of
related playlist records. Coment information can include, for example, 1123 tag informatian
found in MP3 files. Additionaily, the dala siruclure can be serted by one or more of the
coment information fields.

The present invention also provides a methad of adding to an audio playlist content
and indexing information for each playlist record. The playlist files can be used by an audio
data player to later access audio content information for all available audio data files in data
slurage without baving 1o again accoss the data directly from individual audio data fites.
Additionally, multiple audio playlists tan be created and stored, each being sorted by &
different content informarion figld, for cxample, antist, aloum, title, genre, etc.

The present nivention alsa provides a methed of browsing audio dafa file content
information in an avdic data player by providing a playlist having records stored ina
predetermined sequence and including a coment and indexing information segment. The
conteat information includes fields descriptive of the content of the related audio dara file and
the indexing informarion includes fields providing the reladve location of related playlisc
records. For example, a playiist sorted by genre may for 2 single genre inchade several
albums by a particular artist. The indexing information provides quick and efficient
navigation among records that are related, for example, by genre, artisl, and album.
Additionally, the content information ficlds may be provided to an audio data player cutput
device, for cxample a display, and navigation to the content information af ather playlist
records may be provided in response 1o a playlist navigalion signal and guided by the indexing
information ficids.

The present invention also provides an audia data player having a microcontroller
coupled with data stomage capoble of storing audio data files and playlist files and having
sofiware capable of reading the pluylist file records and outputting a navigable list of at least a
portion of content information ficlds of the playsist records according to a predelermined
sequence.

The audio data player gencrally includes a microcontroller coupled with a user
interface, data storape, butfer memory, and an audio decoder. The vser Interface includes an
LCD and a keyboard having various mulii-way and mulri-function switches. The audio data
plever also pruvides a universal serial bus ("USB"} pon for comection wo a PC or other USB-
zquipped device. By connecting, the audio data player to a PC via the USR port, audio data
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files and audio playlists may be downloaded to the andio data player and stored into data
storage. In one embodiment, the data storage comprises 2 19 GB hard drive; however, other
moving data storage media er 50lid sizie memory devices, such as flash memory cards, may
also beused In this embodiment, the user interface provides menua driven selection, sorting,
and playback of audio data files. Additionally, during ptayback of an audio data file, the LCD
displays ID3 tag informaticn such as title, artist, album, and genre, The LCD screen may slso
display other information such as elapsed playback time, volume level, and preset DSP mode.

The discloscd embediment of the audio data player is a portable handheld unit baving
a rechargeable battery, 5 volt DC input, headphones output porl, and linc out port. Therefore,
the audia data player may be used for portable applications using headphones, or for fixed
applications using AC povver and headphones or another audio device.

In one form thereod, a data structure stored on a computer-readable medium is
disclosed including a playlist record for each aundio daa file, each playlistrecord including a
file pointer segraent, each playlist record including an informasion segment having a plurality
of content informalion fields descriptive of the content of the audio dala file and including at
lcast one indexing information field indicating the relative lecation of related playlist records,
and the playlist file inelugding n data header indicating a first content information field upon
which the playlist records are sorted.

In another form thereof, 2 method is disclosed for adding to an audio data file playlist
coment and indexing informasion for sach plavlist recerd by locating content information
descriptive of the content of each audio data file, determining for ¢ach playlist record indexing
information providing the relative location of related playlist records, and formatiing the
content and indexing information for storage in the playlist.

In yet another form thereof, in an audio data player baving o user interfuce including
an oulput device and a user inpul, u method is disclosed for browsing audio data file content
information by providing at least one playlist including at least a first and second record
relating 1o andio dala files available for playback, cach record stored in a predetermined
sequence including a centent and indexing information segment, the content information
including fields descriptive of the content of the related audio data file, and the indexing
informadon having ficlds providing the relative location of related playlist records, outpuiting
via the output device at least one of the content information Gelds for at least a first record,
receiving a playlist navigasion signal from the user ioput, and in response to the playlist

bavigation signal, using at lzast one of the indexing information fields to locate and output at
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least one of the content information fields of at least a second record, the second record
related to the first record by the predetermined sequence and the navigation signal.

In another form thereof, an audio data player is disclosed comprising a microcontroller
coupled with data storage capahle of storing andto data files and playlist files, the audio data
files each having atiribuies deseripsive of the audic content of each audio dara file, the playlist
files including records for each af at least a portion of the audio data file, the records in a

predetermined order based on: at least one of the the records including content

information fields storing the attributes ot cach audio data file, and indexing information
fields indicating the relative location of related playlist records, and the microcontroller
having software capable of reading the playlist records and oulputting a navigable list of at
least a pertion of the content information fields according to the predetermined order.

Advantageously, the disclosed data stmactere supnorls and enhances user interface and
navigation rasks in viewing and selecting andio data files stored on a high-volurme dats
storage device. Additicnally, the present invention allows non-PC-based audio data players
with limited processing power and memory to provide sophisticated user interface and
navigation features that allow players to display the audio data files stored in dara storage
sorted by centent information such as ID3 ficlds.

A further advantags of the present invention is that non-PC-based audio data players
may access the audio content information for all audio data t'nrles stored 1n data storapge without
baving to read the data directly from each audio file, Therefore, the user may quickly and
easily sart and display the siored audio daza files in a specificd manner.

Another advantage of the present invenlion is generating a playlist file in an audio dats
player shat contains content information and indexing information for the purpase of reduting
memary and processing power requiremnents, and thus the eost of producing wudio datx
players. Vet another advantage of the present invention is that the audic playlist [les
maintain compatibility with standard M31] playlist files and thus may be nused with other PC

and non-PC-based applications.

BRIEF DESCRIPTION OF THE DRAWINGS
The above mentioned and other features and objccls of this invention, and the manner
of atteining them, will become more apparent and the invention itself will be better
understeod by reference 1o the following description of one embodiment of the invention

taken in conjunction with the accompanying dmwings, wherein:

JP 2005-502977 A 2005.1.27




15

¢

Z5

30

{28)

WO 037023731 PCT/US02/25485

6

Fig. 1 is a block schematic diagram of a portable audio data player according to the
present invention;

Fig 2 is a top vicw of a portable audio data player acconding o the present invention;

¥ig. 3 is a back view of the portable audio data player of Fig. 2;

Fig. 4 is a right side view of the postable audio data player of Fig. 2;

Fig. 5A 15 a plan view of the main sort-by menu displayed or the audic data player of
Fig. 2;

Fig. 58 is a plan view of (he artist menu displayed on the audic daa player of Fig. b3

Fig. 5C is a plan view of the album menu displayed on the audio data player of Fig. 2;

Fig. 5D is u plan view of the song or track meou displayed on the audio data player of
Fip. 2;

Fig. 6 is a schematic diagram of o data structure for a playlist according to the present
inventicn;

Fig. 7 is a flowchart diagram illustrating the steps for adding content andt indexing
information to an audio playlist file according to the present invention, and

Fig. 8 is a flowchart diapgram ilfustrating the steps for creating an audio playlist file
according to the present invention.

Corresponding reference characters indicate corresponding paris throughout the
several views, Aithotigh the drawings represent embodiments of 1he present invention, the
drawings are not necessarily to seale and certain features may be exaggerated in order 10
better illustraie and explain the present invention. The exemplification st 0w hersin
illustmates one embodiment of the inventien, in one form, and sich exemplifications anz nel {o

be construed as limiting the scope of the invention in any manner,

DETAILED BESCRTPTION OF THE INVENTION

The embodiment disctosed below is not intended to be exhaustive or limit the
inveniion to the precise form disclosed in the following detailed description. Rather, the
embadiment is chosen and described so that others skilled in the art may wtilize its teachings.

Fig. 1 shows a block diagram of portable audic data player 10 according to the present
invention. “The gencral arrangement and operation of the various elemcnis ar duscribed
bareinbelow. However, the details of the various elements of audio data player 10 are weil
known 1o thyse skifled in the art and will not be discussed here. Audio data player 10
comprises DSP 12 that contrels the varosus elements and the overall operation of audio data
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player 10, including trensferring data from data storage 32, through buffer memory 25, and
decoding compressed audion files. DSP 12 includes 2 suitable amount of memory 23 and L1,
for storing various instruction sets and programs for controlling the operation of audio data
player 10.

DSP 12 may be programmed to perform a variety of signal processing functions

- during playback of a selected audio data file. In chis case, the functions that DSP 12 performs

during playback include, but are not limited 1o, decoding audio data files, velume control,
digital sound equalization, and sample conversion. n that regard, DSP 12 includes onboard
memory 11, wherein the decoder files, audio data files, equalizer mode selection, and various
other required data are joaded during playback.

The decader files comprise programs that control the decoding operations of DSP 12
and the audio data files incinde data associated with the audio content. Both the audio data
files and the deceder files arc stored in data storage 32, The decoder file including the
programs arc transferred to DSP memory 11 from data storage 32.

Audio data and decoder programs stored in data storage 32 may be encrypted,
requiring that deceding progrem files and audio data files be decrypted by DSP 12 using one
or more decryption keys. The decryption keys may also be stored in data sterage 32 and may
be security linked to the particular sterage device or some olher coded component of audio
data player 10 so that sudiv data files encrypred for use on a particular andic data player may
only be decrypied and played by that particular audio data player.

As a selected audio data file s decodad, DSP 12 provides the decoded data stream to
digilzl to analop converter 14. DfA converter 14 converts the digital output of DSF 12 into an
analog signal and provides the analog signal {o headphones amplifier 16 and lincout pre-amp
40. The anolog signals ore amplified and provided to hineout jack 41 and headphaones jack 17,
both disposed on bousing {3 of audio plaver 10.

Audio player 10is adapted to operate with data storage 32. In this embodiment, data
storage 32 is a meving data storage device, specifically a bard drive, that can be used to store
various data files, including encoded audio data files, decoder files for controlling the
decoading operation of DSP 12, playlist filcs, and computer data files, such as, for cxample,
word pracessing files, presentations, and spreadsheets. A large amount of data can be readily
wransferred between data storage 32 and DSEP 21 through data bus 33. Buffer memory 25
operates as a circular data buffer vo prevent intermuption of audio playback caused by a skip or

other similar moving data storage device data trunsfer delays. Using the present invention,
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decoder files, playlists, and relati vely large ameunts of audio data may be stored on data
storage 32.

I accordance with the present invention, audio data files are toaded inwo data
storege 32 via USB port 42 Irom a PC, or other similar device, using music management
software that encodes the audio data files in accordance with a selected epcoding format, such
as MP3, or MP3 Pro, and then stores the encoded data fiJes. Such ramsic management
sofhware is implemented nsing programming metbods known in the art. 'The music
management software transmits the audio data files and appropriate decoder Eles to audio data
playu;r 10 across data buses 43 and 33 and inle duta storage 32, The music management
sultware also generates, und modifies as necessary, a system configuralion file and a file
attribute toble lo provide information regarding the various dma files and decoder files stored
in data storage 32. Using the configuration file and the file atmbuges table, audic data player
10 is able to display audia data files sorted by various groupings on display 21, determine tha
correct encading format for each audio data file, and download the appropriate decoder fils
for each cantent file in responsc to a user selection.

Fig. 6 is a schematic diagram of an exemplary embodiment of data siructure 90. Data
structure 50 generally comprises data header 91, individual audio data file records 92, each
record 92 including information segment 93 and file pointer 94, In the excmplary
embodiment, data strwctore 93 is an audio playlist file that includes an M3U format. Data
header 21 includes information for identifying the file and of relevance to all the individual
records 92. For example, in the cxcmplary embediment, the data keadcr has the following
format:

#EXTLYRAM3U <Sorting_Field> Vx.xx

The "#EXTLYRAMIU" keyword is used to identify the file as a LyraHD system
playlist file inended for use witls the exemplary embodiment of audio data playsr 10, The
Serting_Ficld is enclozed by the "< and ">" charuclers snd contuins the rare of the content
information field, tor cxample, an ED3 mg ficld, used to sort records 92 in playlist fle 90. The
version of the LyraHD piuylist follows the Sorting_Field and is in the form of V.o where
x.xx represents a 3 digit decinol version number. The applications that utilize the extended
M 3U file formal may be configured to recognize the specific order of content and indexing
infonmation shown below.

Information segnent 93 Includes & plurality of content information felds 93A
deseriptive of the content of the audio data file, for example, 1D3 tag felds, and also includes
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alleast one indexing information ficld 93B indicating the relative location of related playlist

recerds 92 Table 1 includes the content information ficlds 93A included in the exemplary

embediment and Table 2 includes the indexing information fields 938 included in the

cxemplary embodiment.

TABLE 1
Field Name Description
2udioInfoK eyword HEXTLYRATINF indicates the stert of a bwo-
Line audio file record
numberGfLevelsin trackinfo The number of sorted levels in g particular
playlist file
trackindexInPlaylist Indicates the order of the current record ir
the playlist
charsInCurrentTrackinfo The number of characters in the current two-
line audio record
albumInfoFicld Album name
atistinfolield Artist name
titicInfoField Title
genrelnfoField Genre
tuekNumberInfoFieid Track number in 2 given album

genericInfoField

For future expansion
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TABLE 2
Ficld Namc Descrintion
trackindexind evel[ level] The order of a specific enry in the current
sorting Ievel
total TracksInLevel[level] The total number of different entries in the

current sarting level

charsToTopOfLevei[level] Mumber of charmcters from the end of the
current record 10 the gturt of the frst record in

the current sorting level

charsToNextTrackInSameLevel{levell The number of characters from the end of the
current bwe-line record to the start of the first
record in the next entry that is in the some
sorting level and shares the same pamnt

sorting level

charsTePreviousTrackinSomeLevel[level] The number of characters from the end of the
current fwo-line record to the start of the farst
record in the previous entry that is in the

same sorting level and shares the same parent

sorting level

Playlisis 90 are sorted by at least one of the content information fields 93A of Table 1.
However, the playlist 20 may alse have mullipie sorting levels and thus each record 92 may
have several levels of index information felds 9313 shown in Table 2. For example, playlist
90 sorted by artist may contain thres sorting levels. The fivst sorting level refers to all audio
data files sorted by artistinfoField. The second sorting level graups all files by a particular
artist and soris each proup by albumInfaField. The third sorting level groups all files by
album and sorts each growp by either the value of the trackNumberInfoField or the value of
the titleInfoField. Although the exemplary embodiment inclides five serting levels, any
number of content information and indexing information fields and sorning levels may be used
by the present invention.

In the exemplary :mi:ud:imcm, the data soructure of Fig. 6 includes data written in the
nypical M3U format. Specifically, file pointer segment 54 stores data in accordance with
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typical M3U format and may provide absalure er relative path locations of the andio data file
associated with playlist record 52, Tn the cxemplary embodiment,  relative path lecation is
provided so that playlist 90 is iransporteble between devices, Information segment 93
containing ¢ontent information fields 93A and indexing information fislds 23B what include an
M3U comment format, specifically the first character of the line being a "#” character.
Additionally, data header 91 also includes an M3 U comment formnat.

Music management seftware that encodes and transmits the andio data files may also
ercate and transmit playlist files 90 into data slorage 32 viz USB port 42 from a PC or olher
similar device, Such playlists generally use an M3U format that is similer (0 the data structure
disclosed above and in Fig. 6; however, the data stmacture likely consists of records 92
containing anly £le pointer segments 94, and thus lack information segment 93 as disclosed
zbove.

The present mvention includes & methed of adding information segment 93 1o 2
standard M3U or other playtist file. While the inventive method may be executed in audio
dara player 10, a PC, or another data device, the exemplary embediment includes software for
adding information segnrent 93, including content information fields 93A deseriptive of the
content of each audie data file and indexing information fields 938 providing the relative
location of related playlist records, 1o audio playlist files 90 in audio data player 1G.

Fig. 7 shows a flowchart illusorating the steps for adding content and indexing
information to a playlist in an sudic data player 19 secording to the present invention, The
steps may be initiatcd manually by user selection via user input 26, or may be automatically
initinted by the reeeipt of a new playlist inlo date sicrsge 32 via USB port 42, or some other
change in the files stored in data storage 32. In the exemplary embodiment, a software

* meduls 15 provided for execuling the steps of Fig. 7 in andio data player 1.

I step 162, an avdio data file playlist 90 Jocated in dats storage 32 is opened. For
each record 92 of playlist 90, step 104 locates content information for the agsociated audic
data file that record 92 refers te. For example, using a relative Jocation stored in tecard 92 for
the audio data file, audin data file Ioeated in data storage 32 may be opened and the content
information read. Content information includes atributes or other descriptive information of
the audio stored by 1ie audio data file. In the exemplary embodiment, (ke content infarmation
includes 103 tag information from MP3 audio data files. Alternatively, content information
for an associated audio data file may be downloaded from a connected PC, the Intemet, user

input 26, or another source of data information,
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In step 106, a content information field 93A for sorting playlist records 92 is sslected.
The selestion of which content field on which to sert playlist 90 may be specified by the user
via user input 26 or by software selection based on playlists generated to support display and
browsing of audio data files on audio data player 10. For example, referring to Fig. 5A, each
of the main sort-by menu categorics are supported by a playlist sorted by the content category
or field Jisted, For example, a playlist sorted by each of antist, album, title, genre, and file
Rames.

After the content information field 93A for sorting playlist file 90 is selected, in step
308 playlist 90 is seried and stored. Sorting may comprise wore than vie serting level to
support grouping and quick and efficient browsing of related audio data file records within the
sarted content information ficld 93A, For example, a playlist file that is sorted by artist may
include a second sorting level sorted by albums within each particutar artist and a third sorting
level sorted by track nuember or titla for each particular atbum, The additional sorting levels
and the supporting indexing information fields 93B support browsing of playlist 30 and audio
data file content information without the need to aceess individual audio data fifes. In step
110, the sclected audio data file playlist 96 is rewritien using the fonmeaticd content
information 934 and indexing information 93B and sorting orders ypecified by the user or the
software.

Indexing information comprises the fields 938 disclosed in Table 2 shove and
provides quick and memory-officient browsing of refated playlist rocords 92, The indexing
informatien fields 938 support display groupings for browsing and navigation of varicus
sorting levels, for example, those shown in Figs. SA through SD. Refetring to Fig. 5B, a
playlist sorted by artist may inchude a second sorting level and zssociated indexing
information 93B for each albun: of each m1ist, for example, the albums shown in Fig. 5C
sssegiated with artist Anna Belle, Addirionally, playlist 90 indexing information 938 may
include & third sorting level of tracks or songs for each zlbum as shown in Fig. 5B for the
album Another Record by artist Anna Belle,

Indexing information 93B defines the number of records included at a given sorting
level and the relative Jocation of next and previous records in the same sorting level and the
relative location of the first record in the current grouping of the enrrent sorting level. The
indexing information fields 938 shawn in Table 2 are exemplary, and may include otler ficlds
that provide browsing amd navigation of the sarted playlist 90 with minimal memory and

record 92 search Hme.
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In the exemplary embodiment, infermation segment 93 including content infermation
fields 93 A and indexing information fiedds 93B is atored in M3U comment field format.
Using the comment ficld format advaniagecusty allows playlist 90 to remzin comparible with
ather devices and software that utilize M3U playlist files.

Fig. & itlustrates in flowchart form the steps of creating a playdist e in audio data
player 10 in accordance with the pregent invention. In step 202, a sot of audio data files to be
included io playlist 90 is selected. In the exemplary embodiment, the audio deta files are
stored in data storage 32 and are selected by the user via user input 26 or by a software
module directing generation of one ur more playlist files to support browsing and navigation
of the available audio data files in data storage 32. For example, playlist files may be
generated for each of the content information fields 93 A vepresented on the main sort-by
menw shown in Fig. 5A, or a user playlist may be generated by user sclection of particular
audio data filcs stored in data storage 32, .

In step 204, for each selected audio data file, a file pointer locating the associated
audio data fle refative to the location of playlist 90 is determined. For example, data storage
32 may include a folder siruciure for storing the audio filcs, thus the file poinier wonid include
the necessary folder names and subfolder names as weli as the file name for the associated
data file. Altemnatively, an absclute file pointer may be vsed that specifies device name and
supports semote location of audio data files, for example, on a cormnected PC or the Intemnet.

In step 206, content information is locatd and read for cach selected audio data fife.
In the exemplary embodiment, content intormation for MP3 files is included in ID3 tags. In
step 208, one of the contentinfirmation felds is sefected for sorting playlist 90. For example,
and as discussed above, a scparate playlist file may be generated and sorted for each of the
content information ficlds 93A displayed by the main sort-by mem shown in Fig. SA,
Additionaldy, further sorting levels may be used to further group and sot associated playlist
records 92 within each previous sorting level. The content information fields 934 used for
sorting may be selected by the user via user input 26 or by a software module for generating
audio playlists 90, Tn step 210, DRP 12 sarts records 92 including file pointers 94 and content
information ficlds 93, by the selecied content information sorting ficld 93A.

1n step 212, indexing information fields 53B are generated and content and indexing
information 93 and file pointers 94 are formasted and stored in 2 playlist fite. As discussed

ubove for the method disclosed in Fig. 7, indexing information 9313 provides for elficient and
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quick browsing and navigation of content informatinn stored in playlist 90. In step 214,
playlist file 20 is writien to data sterage 32. 7

In ihe exemplary embodiment, playlist files 20 having content and indexing
information 93 stored in M3U comment fields are generated by a sofiware application. The
application, referred to as a prafiler, may be implemented in a PC connected 1o audio data
player 10, or as part of the software in non-PC-baged andio daa player 10. The profiler
software locates each availzble audio data file siorcd in data storcs 32 ard reads its content
information, for cxample, TD3 1ag fields in MP3 fites. The software profiler muy then create
several M3U playlists 90 including content a:nd indexing information 93. Each playlist 90
mey be sorted by one or more of the content informalion fields $3A, for example, title, artist,
genre, album, and file name. Using oae playlist 90 for cach centent information sorting field
reduces the memeory and processing power requirerments of audio data player 10 requited to
display the available audio dats files in specific orders and groupings.

Figs. 2-4 illustrate an ¢xernplary embadiment of the displays, buttons, swiiches,
indicatars, and perts which may be disposed on housing 13 of audia data player 10. Referring
to Fig. 2, user input 26 compriscs a phurality of buttons 44 (Fig. 3), 46 {Fig. 4), and 60-77
disposed on housing 13 of audio data player 10 for allowing a user 10 sort and select particular
audio data files for playback, and to control playback settings, User input 26 may also
comprise other input devices known in the art, for example, keyboard, voice activated touch
pud, und 1ouch sureen input devices, Two multi-way switches comprisc bultons 62-66 and 68-
72. Soft keys 74-77 are multi-function burtons whose function change for various uscr
interface menu displays, Audio dat player 10 also includes dieplay 21 dispused or housi

13. Display 21 displays the audio data files and playlists stored in data slorage 32, the
function of soft keys 74-77, and varicus status information associzted with audio data player
10, such as the playback status shown in Fig. 2 and the top-level mena shown in Fig. 5.
Reterring again to Fig. 2, STOF/POWER button 60 allows the user 10 stop playback
and 10 urn audic data player 10 onand off. PLAY/PAUSE button 62 allows the user to start
playback and te pause playback. Left amow button 63 allows a user to move a highlight left
when using the menu, and to skip back to the previcus audie data file or scan backward in the
present audio data file when playing music. The right arrow button 65 allows the user to
move a highlight right when nsing the menu, skip forward to the next audio data file, and sean

forward in the current audie data file when playing mngic. Up arrow button 64 allows the
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user o move the highlight up when using the menu. Down armow buRon 66 allows the user to
move the highlight down when using the menu.

Referring still to Fig, 2, SELECT button 68 allows the user to select a highlighred
item. Volume up butdon 69 increases the playback velume level for headphones 18 and
volume down button 71 decreases the valume level. MODE button 70 allows the nser to
select a particular playback mode, including NORMAL, REPEAT, REPEAT ONE, REPEAT
ALL, SHUFFLE, and REPEAT ALL SHUFFLE. SAVE button 72 allows a user ta create a
new playlist or add sudio dara files to an existing playlist. Soft keys 74-77 select the menu
item thal appears just above cach button at the betiem of display 21

Referring to Fig, 3, POWER indicator 78 lighits when audiv dats playar 1¢ 5 vn.
CHARGE indicator 79 lights when the power source 47 is charging. In the exemplary
embodiment, power source 47 is a rechargeable battery pack. DC IN Jack 48 provides 5 voll
DC from an AC adapler 10 power andio datz playar §0 and recharge power source 47. RESET
button 44 allows the user to reset all of the audio data player settings to the factory defaults.

Referring now to Fig. 4, OFF/LOCK switch 46 allows the user to make burtons 60-77
inactive when sywitch 46 is slid to the locked position. LINE OUT jack 41 allows a user to
connect the avdio data player to a scparate audio syslem. Headphones jack 17 allows the user

bk

to play the d audio on headpkh

1es 18, USE port 42 provides connection of andio data

player 10 o a PC or other similar device using a USB cable.

When the user selects a pasticular audio data file for playback via user input, DSP 12
TLaads the appropriate decoder file associated with the selected audio data file from data
storage 32 into DSP memery 11, Referring again to Fig. I, DSP 12 then streams the sclected
audio data file along buscs 33 and 29 inte buffer memory 25 &5 a skip-protestion buffer,

After streaming of the sclected audio data file begins, 12SP 17 decodes the audio data
file using an assactated decoder file. Various decoder files may be stored in data storage 32 to
allow andio player 10 to be adapted to process the various cncoding formats associated with
the audic data files stered in data storage 32. In effect, portable audio player 10 can be
seftware upgraded, as necessary, by the decoder files stored in daln storage 32 when the user
selects 2 particular audio data file stored in data storage 32.

After powering up, PSP 12 uf uudio Juta player 10 ivads the system cordiguration file
from data sworage 32. DSP 12 identifies the varicus file formats that nesd 10 be supported for
tlse data files stared in data sturage 32. The configuration file also includes informetion that

equates the file extension of the audio data ftles with particular decoder files stored in data
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storage 32. If the configuration file is valid, DSP 12 reads the file atiribuie table stored in
data storage 32 and causes display 21 to display a memu—driven listing of the file/folders stored
in data storage 32.

Referring to Fig. 5A, the main menu displayed on display 21 allows the vser to
navigate and display audio data files according to groupings or identifying characteristics,
sizeh as, for example, artist, album, title, penre, playlist, and all audio data files. From the
main menu, the uscr may operate user input 26, a5 described above, to navigate sorted lists
and select a desired one of the displayed audio data files or playlists for playback.

When on audio data file or playlist is sclected for playback, DSP 12 perform 2 number
of steps, including several concurrent sweps, to provide audie playback. First, DSP 12
identifies and transfers the cosresponding devoder file from data storage 32 to DSP memory
11. For example, if the user selects an MP3 file, microcontroller 22 transfers the MP3
decoder file from data storage 32 to DSP memary 11, The MP3 decnder file is nsed to conzol
the deceding operation of DSF 12,

DSP 12 begins streaming the selecied audio data file from data storage 32 to butler
memory 25. DSP 12 uses the deceder file 1o decode and decrypy, if applicable, the audio data
{ile in builer memory 12 in accordance with the appropriats encoding format. The decoded
audio data is provided 1o D/A converter 14 and headphone amp 16 and line out pre amp 40 for
reproduction.

In the present embodiment, the necessary decoder files zre stered in data storage 32
along with the andio data files. As such, audio player 10 may be updated 1o play differens
encoding formats by seftware updating of the DSP via deeoder files stored along with the
audio data files in data storage 32. Thus, audie data pleycr 10 is capable of playing back data
files enended using a variery of encoding formats, including encoding formais that become
available in the futurs.

During playback display, shown in Fig. 2, displays varicus infermation ebout the
audio data file and the sudic data player scrtings. For example, display 21 in Fig. 2 shows the
file name, artist name, album title, genre, cumrent track being plaved out vl 1otk files being
played, volume level indication, elapsed play time of audio duta file, playback mode
irdicatlon, bit rate, and selected DSP muode seleclion.

In the exemplary smbodiment, suitable DSP 12 include, but are net limited to,
TMS320DA250 manufactured by Texns Instrements Inc., of Dallas, Texas. Associated with
DSP 12 is memory 73, in this coge, 48 KR of ROM, and haffer memory 25 comprising 8 MB

JP 2005-502977 A 2005.1.27
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of RAM, providing 7 misutes of buffered play nime at 128 kbps and 14 minutes of buffered
play time at 64 kbps. DSI 12 alsoe includes associated memory 11, in this casc 64 KB of
RAM. Suitable kara drives for data storage 32 incluge, but are not limited to, Microdrive™
manufactured by IBM Corporation of Armonk, Mew York. A 10 GB hord drive, for example,
provides approximately 136 hovrs of audio at MP3 bit-rate of 128 kbps, or 300 hours at 2 bit-
rate of 642 kbps.

It will be apparent to those skilled in the art that although the present invention bas
been described in terms of an exemplary embodiment, modifications and changes may be
mads to the disclosed embodiment without departing from the essence of the invention. Far
examyple, although the present invention has been described with reference to data storage 32
that is fixedly disposcd within audio playes 1O, the present invention may be implemented
using flash memaory, another fixed storage device, optical device, or & memory card that is
adapted te be removably coupled to audic player 10, whercin the decodcr program and audio
data tiles are Joaded onto the memory card by the music manapement software. Also, it is
herein recognized thet the preseat feature of loading the appropriate decoder programs and the
wudio data files may be implemented in e music management soflware using any one of a
number of conventionally known progeamming methods, or combination of propramming
methods. Also, altheugh the above is desedibed in reference to an audio data player, the
present invention may be extended to any portable data processing device, for example, video
display devices, wherein the data may be encoded using one of a plurality of datz enceding.
fonmats. Therefore, i1 is to be understood that the present invention is intended to cover all

modifications as defined in the appended claims

JP 2005-502977 A 2005.1.27
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CLAIMS
1. A compwier-readable medium (32) having stored therson a data stracture ($0)

including a playlist record (92) for each audio data file, each playlist record (92) including a
file pointer segment (94}, characterized by each playlist record (92} including an information
segment [$3) having a content information field ($3A) descriptive of the content of the avdio
data fite and including at least one indexing information field (93B) indicating the Jocation of
telated playlist records, and the playlist file including a data header indicating a first content
information field {$3A) upon which the playlist records are sorted.

2. The data structurs of Claim 1, characterized in that the playlist records incinde
an M3 format.

3. ‘Fhe data structure of Claim 2, characterized in thar sail infermation segment
includes an M3t comment format and said content information ficld includes zn TD3 1ag.

4. The data stucturg of Claim 1, chazacterized in that the playlist records are
sorted according to at Jeast a second content information field.

5. The data structure of Claim 1, ch ized in Lhat the location of said reluled

playlist recards is a refaliva location.

6. A method of udding to an audio data Gk playlist (30) content and indexing
infornzation for each playlist record (92), characterized by: locatipg content information
(93A) descriptive of the content of each audio data file; devermining for each playlist recerd
indexing information ($3B) providing the location of related playlist records; and formatting
the cantent and indexing information (93) for storage in the playlist (90}.

7. The method of Claim 6, characterized by sorting the playlist according te the
content information.

8. The method of Claim 6, characterized in that the content information includes
an ix3 tag, the playlist records include an M3 U fonnal, and the content and indexing
information is stored in M3U comment field format.

9. In an audio data player having a user interface including an cutput device (17,
21, 41) and a uger input (26}, a method of browsing audic data file conlent information by
providing al Jeast one pluylist (90) including ot least u first vnd second record {92) relaving 1o
audio data files available for playback, vach record (92) stored in u predetesmined sequence
and including & centent and indexing information segment (93), characterized by said content

information including a Reld (93A) deseriplive of the content of the related avdio data file,

JP 2005-502977 A 2005.1.27
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and said indexing information having fie)ds (23B} providing the location of related playlist
records (92); outputting via the cutpul device (17, 21, 41) said content information field (93A)
for at least a first recard; receiving a playlist mavigation signal from the user input {26); and in
response to said playlist navigation signal, using at least ene of said indexing information
ficlds {93B} 10 locate and output said content information feld (93A) of at least a secand
recard, said second recard related to said first cecord by saidd predetermined sequence and said
navigation signai,

10, The method of Clatm 9, ¢haracterized in that said playlist records include an
M3U format, said content and index inf 5 t includes an M3U field

Tormat, and said content information field includes an ID3 1ag.

L3,  Themethod of Claim 9, characterized in that said predstermined sequence
includes said plavlist records sorted by at least one of said content information fields.

12. The method of Claim 9, chavactenzed in that the location of said related
playlist records is a relative location,

13 An audio data player {14)) comprising a DSP (12) caupled with data storage
(32) <apable of storing audio data files and playlist files (90), the audie data files each having
atiributes descriptive of the audio content of each said andio data File; characterized by the
playlist files (20} including records (92) for each of at Jeast a portion of the audio data files,
said records {¥2) in & predetermined order based on at least one snid attribute; said records
ircluding s content infermation field (93A) storing said attributes of each satd audio data file,
and indexing information Tields (938) indicating the relative location of related playlist
records (92); and the microcontroller {22) having software capabie of reading said playlist
records {92) and outputting a navigable list of a1 least a pertion of said content information
field (93 A} according to said predetermined corder.

14. The audio data player according te Claim 13, characierized by the DSP (12)
having software capable of generating playlist files.

5. The andio data player of Claim 14, characterized in that said playlist file
gEnerating sottware is capable of sorting each playlist file aceording o said content
information fields.

16, Theandio data player of Claim 15, ¢haracierized in that said playlist filc
generating software is ¢capable of locating audic data files siored on the data storage device.

17, The audic duta player of Claim 16, characterized in that said playlist file
generating software is capable of generating at least one additional audio data file playlist,

.21
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said additional audio data file playlist sorted according to at least a second content
information field.

18.  The audio data player according to Claim 3, characterized in that said
attributes include an TD3 1ag, and said playlist file records include an M3 U fonmat.

19.  The audio data player according to Claim 14, cheracterized in that said playlist
tile generating soltware is capable of determining file pointers locating each audie data file in
the data storage; reading said attributes for cach audic data file; formatting said attributes and
said file pointers for storage in the audio data file playlist.
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